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Heavy Element Nucleosynthesis Experiment
Gold-plated and Nickel-plated probes were inserted in the path of the Compact Toroidal 
Hybrid plasma apparatus at Auburn University. The probe is ablated and subsequent gold and 
nickel emission is collected in a HRS 500 Princeton Instrument UV-VIS Spectrometer. 
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Fig. 1. (a) Magnetic field coil structure of the Compact Toroidal Hybrid (Ref [1]), (b) cross-sectional view of magnetic field 

































Experiments + Structure Calculations
r-process nucleosynthesis
Electromagnetic Followups
Very hot ejecta 
+ beta decays
Data Analysis
Between the gold and nickel probes, over 5000 individual spectra 
needed to be analyzed. We automate the process using custom Python 
codes.
The 0.6 Tesla magnetic field of the CTH produces significant 
synchrotron radiation. Despite a layer of lead shielding, we find 
erroneous counts from x-rays striking the CCD. By comparing pixel-to-
pixel in the wavelength and time domains, we remove x-rays from each 
frame:
Within every frame of a CTH discharge we find central 
wavelengths of each peak by interpolating the peak positions from 
Gaussian fits.
Results
By comparing spectra between the nickel and gold probe withdrawn from 
the plasma vs probes inserted into the plasma, we find 571 lines arising from the 
presence of the gold probe. Among these lines we identify 44 transitions in 
neutral gold, 14 transitions in Au+1 and 2 transitions in Au2+. Using the transitions 
from neutral Au, we can confirm the electronic structure of neutral gold (Fig. 2) 
available in the literature. The remaining 511 lines will be used to test the atomic 
structure calculations for the +1 and +2 charge states of gold carried out by our 
collaborators at Auburn University and the University of Georgia.
Fig. 2. (Left) Electronic structure of neutral gold with observed transitions shown in red, and     
(Right) sample spectra showing the differing behavior of gold and background (iron) lines.
Future Experiments
Using the CTH at Auburn University, we will investigate the 
structure of the other heavy elements near gold in the periodic table.
To study higher charge states, we will inject these heavy species into 
the Clemson University Electron Beam Ion Trap (below). 
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